To determine whether the frequency induction of labor (IOL) varies by day of the week based on maternal race/ethnicity. STUDY DESIGN: Gravid women in the US from 2007 to 2010 were stratified into o 34, 34 to 36, 37 to 38 and ⩾ 39 weeks. Multivariable analyses estimated the association between weekend delivery, race/ethnicity (categorized as non-Hispanic white, Hispanic white, black and 'other') and their interaction with induction. RESULT: After 34 weeks, induction was less likely on the weekend (P o 0.01) and less likely in black, Hispanic or 'other' women relative to non-Hispanic whites (P o 0.01). However, there was a significant positive interaction between race/ethnicity and weekend delivery (P o0.001). During the late preterm gestation, weekend IOL was greater in black women (odds ratio, 1.08). CONCLUSION: The difference in IOL by race/ethnicity increased with gestational age. This difference was least on the weekends.
INTRODUCTION
Induction of labor (IOL) during late preterm (LP: 34 0/7 to 36 6/7 weeks' gestation) and early term (ET: 37 0/7 to 38 6/7 weeks' gestation) gestational ages became more prevalent between 1991 and 2006. [1] [2] [3] [4] Furthermore, the change in frequency of IOL has varied by race/ethnicity. 1, 2 Infants born during these periods in pregnancy are at an increased risk of respiratory morbidities, admission to the neonatal intensive care unit and even mortality compared with infants born ⩾ 39 weeks' gestation. 5, 6 Factors contributing to the differential increase in LP and ET inductions by race/ethnicity remain uncertain. One hypothesis is that the threshold to initiate labor induction has decreased. Although a lower threshold can be difficult to demonstrate, one line of supportive evidence is a differential change in the frequency of IOL based on non-medical factors. 1, 2 A non-medical factor that has been associated with the frequency of IOL is day of the week. 7 Whether racial/ethnic differences in IOL vary according to day of the week remains unknown. Racial/ethnic differences in IOL by day of the week would support that non-medical factors may have influenced the decision to induce, particularly if the differences were present in women delivering o 39 weeks' gestation. 8 Correspondingly, we sought to quantify the racial/ ethnic variability in IOL over the days of the week.
METHODS
Data on all deliveries in the US from 2007 to 2010 were obtained from the National Vital Statistics System's 'Natality Public Use File'. 9 Two different birth certificates were used during the study period; a detailed guide with description of variables was used to conduct the analysis. 9 This study was exempted after review by the Stanley Manne Children's Research Institute of Chicago Institutional Review Board.
Gravid women aged 13 to 49 years who delivered a non-anomalous, singleton infant between 24 0/7 and 42 6/7 weeks' gestation were eligible for the analysis. Women with prior cesarean delivery and non-vertex fetal presentation were excluded because these factors were felt to significantly reduce the chance to induce labor. Women with premature rupture of membranes were excluded because premature rupture of membrane has been a well-accepted medical indication to induce after 34 0/7 weeks' gestation. 8 Women with gestational hypertension and pre-eclampsia were excluded because the timing of onset and the severity of these conditions could not be determined from the birth certificate registry. 9 Therefore, it was uncertain whether women who were delivered at a given gestational age were induced at the time of diagnosis or had been expectantly managed. Women without prenatal care or birth outside a birthing institution were excluded. IOL is a planned event that occurs in a hospital, and prenatal care is necessary for reasonable estimations of gestational age. Women were also excluded when initiation of labor, maternal race/ ethnicity or the maternal risk factors of diabetes mellitus or chronic hypertension were missing in the database; their absences precluded isolation of the exposure, outcome or confounder(s).
The main exposures were the day of the week of delivery and maternal race/ethnicity. The variable 'day of the week' was used to define weekends as Saturday, 0000 hours through Sunday, 2359 hours; weekdays were defined as Monday, 0000 hours through Friday, 2359 hours. 9 Alternate definitions of the weekend and weekday were considered because of the duration between the initiation of IOL and delivery. Thus, analyses were also conducted with 'Saturday through Monday' considered as the weekend, as well as 'Tuesday through Friday' referent to 'Saturday through Sunday' (Monday excluded).
Maternal race/ethnicity was identified in the data set by the variable 'mother's race' and 'mother's Hispanic origin'. Information on race/ethnicity were self-reported by the mother. 9 Using these variables, we categorized women as either non-Hispanic white, Hispanic white, black or 'other' race/ ethnicity. 1, 2, 9 The primary outcome was IOL, which was identified in the data set by the variable 'induction of labor.' Records were stratified by gestational age using the data set variable 'obstetric/clinical gestation estimate.' The four gestational age groups were o 34 0/7 weeks, 34 0/7 to 36 6/7 weeks (LP), 37 0/7 to 38 6/7 weeks (ET) and ⩾ 39 0/7 weeks' gestation. 3 Maternal covariates considered were maternal age, categorized as ⩾ 35 years (advanced maternal age) and ⩽ 19 years (teen pregnancy), parity, marital status, maternal diabetes mellitus, chronic hypertension and year of delivery. 1 Maternal demographic and clinical characteristics, the number of deliveries and the proportion of induced women were stratified by both race/ethnicity and day of delivery. Significant differences in race/ethnicity or day of the week were assessed by Student's t-test, analysis of variance or χ 2 -testing as appropriate. Multivariable logistic regression was then used to estimate the association of weekend and maternal race/ethnicity with IOL; odds ratios with 99% confidence intervals were calculated. Using forward selection, we added established covariates to determine whether their addition affected the association between race/ethnicity and weekend on IOL. Finally, we added the interaction terms between race/ethnicity and weekend. 7 The logistic regression model was described by the equation: log (odds
In the model, W represents the dichotomous variable weekend. Race/ethnicity was entered into the model with non-Hispanic white women serving as the referent. The terms Bl, HW and Ot represented the dichotomous variables for black, Hispanic white and 'other' race/ethnicity women, respectively. The maternal covariates were described by N. The interaction terms W × Bl, W × HW and W × Ot can be interpreted as the degree to which any difference between race/ ethnicity differs with regard to IOL on weekend versus weekday.
Unadjusted and multivariable analyses were repeated using other definitions of weekend in sensitivity analyses. Finally, because 41 weeks' gestation is considered by many to be a medical indication to induce, we repeated our analysis omitting women delivering after 41 weeks' gestation. 10 All tests were two tailed. In order to reduce the likelihood of a falsepositive result in our large population, α = 0.01 was used to define the statistical significance. Analyses were performed using STATA v12 (StataCorp, College Station, TX, USA).
RESULTS
After applying exclusion criteria, 69.6% (N = 11 639 654) of the initial cohort remained eligible for the study (Table 1) . Non-Hispanic white women had the highest proportion of induced deliveries, whereas Hispanic white women had the lowest ( Table 2 ). There were several demographic differences among women of different race/ethnicity, including maternal age, marital status and presence of comorbidities. Moreover, the proportion of induced deliveries was higher on weekdays than weekends ( Table 2) . Figure 1 illustrates racial/ethnic differences in the frequency of IOL with regard to day of the week. Prior to 34 weeks' gestation, there appears to be a little racial/ethnic difference over the days of the week (Figure 1a ). At LP gestations (Figure 1b) , non-Hispanic white women received IOL most frequently on weekdays, whereas black women had the highest proportion during weekends. Non-Hispanic white women also had the highest proportion of induced deliveries throughout the week at ET gestations ( Figure 1c ) and after 39 weeks' gestation ( Figure 1d) , the time period when the degree of difference between weekend and weekday IOL was the greatest.
After adjusting for potential confounders, IOL was less likely among black, Hispanic white and 'other' race/ethnicity women relative to non-Hispanic white women. The magnitude of these associations increased with gestational age. After 34 0/7 weeks' gestation, there was a significant and consistent interaction between maternal race and weekend delivery ( Table 3 ). This can be interpreted as follows (Table 4) : during ET and full term gestations, black, Hispanic white and 'other' race/ethnicity women are less likely to undergo labor induction, although this difference is smaller on the weekends. During LP gestations, the same is true for Hispanic white and 'other' race/ethnicity women. However, although black women were less likely to be induced on the weekday during LP gestations, they were actually more likely to be induced on the weekend compared with non-Hispanic white women.
Sensitivity analyses revealed similar results when Monday was omitted from analysis. Finally, excluding women delivering after 41 weeks' gestation did not change results (data not shown).
DISCUSSION
Prior to 34 weeks' gestation, the practice of IOL appears to be similar over the days of the week and independent of maternal race/ ethnicity. After 34 weeks' gestation black, Hispanic white and 'other' Race/ethnicity, induction and weekend delivery race/ethnicity women were less likely to receive IOL compared with non-Hispanic white women. Furthermore, women delivering on weekends were less likely to receive IOL relative to those delivering on weekdays. Yet, the difference in IOL for black, Hispanic white and 'other' race/ethnicity women referent to non-Hispanic white women was less on the weekend compared with weekdays. In fact, during the LP gestational period, IOL in black women was more likely than it was for non-Hispanic white women. These findings may be interpreted to suggest that medical factors are most responsible for IOL prior to 34 weeks' gestation. We speculate that the racial/ethnic differences in IOL beyond 34 weeks' gestation suggest that non-medical factors had an increasing contribution to the decision to undertake IOL. The strengths of the study include the large sample size and novel findings. To our knowledge, this is the first study to look at IOL through the interaction of maternal race/ethnicity and day of the week. As this was a retrospective analysis of a large data set, several limitations should be considered. For instance, misclassification with regard to the exposure and outcome are possible. Also, the time between delivery and induction is not known and this may affect the precision of the association between IOL and the day of the week. However, it is unlikely that this should have led to a spurious finding, as this should bias toward the finding of no association and no differences were found in the results in sensitivity analyses.
Further work will be needed to determine whether the racial/ ethnic differences in IOL are attributed to institutional, provider or patient preferences. Whether or not these differences in IOL will result in differences in neonatal morbidity and mortality remains to be determined.
